Seagrass landscape-scale changes in response to disturbance created by the dynamics of barrier-islands: A case study from Ria Formosa by A H Cunha et al.
Estuarine, Coastal and Shelf Science 64 (2005) 636e644
www.elsevier.com/locate/ECSSSeagrass landscape-scale changes in response to disturbance
created by the dynamics of barrier-islands: A case study
from Ria Formosa (Southern Portugal)
A.H. Cunha *, R.P. Santos, A.P. Gaspar, M.F. Bairros
CCMAR, Centro de Ciências do Mar, Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal
Received 1 November 2004; accepted 29 March 2005
Available online 21 June 2005
Abstract
This study documents long-term changes of a Zostera noltii landscape induced by a natural cyclic event in a coastal lagoon. The
barrier-islands forming this system are very dynamic with drifting movements controlling ecological patterns and processes
occurring in this area. Changes in the areal extent of the Z. noltii meadows were assessed using historical aerial photographs from
1940, 1980, 1989, 1996 and 1998. Landscape indices such as total patch area (TA), mean patch size (MPS), number of patches (NP),
mean shape coefficient of variation (CV) and landscape fractal dimension (D) were calculated for each year and related to an index
of disturbance intensity. The spatial distribution of the Z. noltii meadows varied greatly during the studied period and changes
observed were related to the disturbance created by the barrier-islands’ spatial dynamics. After an artificial inlet relocation the
Z. noltii area, number of patches, patch mean size and coefficient of variation decreased. The fractal dimension of the Z. noltii
landscape increased by 50% showing that besides a decrease in total area, number of patches, and patch mean area, patch
fragmentation was an important consequence of this anthropogenic disturbance.
Seagrass natural distribution patterns changed in response to natural and human-induced activities. This study emphasizes the
importance of the landscape approach and the historical perspective when studying seagrass changes and the importance of taking
into consideration long-term changes in seagrass landscapes to avoid confusion between man-induced effects with natural cyclic
events.
 2005 Elsevier Ltd. All rights reserved.
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Seagrass meadows are one of the most productive
coastal vegetation types in the world. They stabilize and
enrich sediments and support a complex detritus-based
food chain, provide breeding and nursery grounds for
finfish and shellfish and constitute a critical food
resource and habitat for a variety of marine organisms
(Walker et al., 2001). Physical disturbance has long been
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doi:10.1016/j.ecss.2005.03.018recognized as being influential in determining seagrass
distribution, coverage and spatial pattern. Many natural
and human-induced events create disturbances in
seagrass throughout the world, but quantifying losses
of habitats is only beginning (Short and Wyllie-
Echeverria, 1996). Marbà and Duarte (1995) have
shown that sediment disturbance was coupled with
seagrass patch growth and distribution and concluded
that seagrass landscapes are regulated by the specific
amplitudes and frequencies of disturbance events in
different environments. Tidal and current flow, and wind-
generated waves also contribute to create differences in
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1998). Seagrass coverage and spatial pattern changes
can be quantified using aerial photography (Robbins,
1997; Kendrick et al., 1999, 2000) and applied historical
ecology should be utilized to understand cyclical
phenomena and used to manage for the future
(Swetnam et al., 1999).
Ria Formosa lagoon (south of Portugal) is a highly
dynamic barrier-island system. The western sector of
this lagoon connects with the ocean by the Ancão Inlet,
which shows a typical 40-year cycle of eastward
migration and infilling followed by a westward re-
opening (Vila-Concejo et al., 2002). This spatial change
of inlets and islands alters the hydrodynamics of the
lagoon and induces a substrate disturbance that is likely
to alter seagrass distribution (Giese, 1988). The Ancão
Inlet was at the end of the migration cycle in 1997 (Vila-
Concejo et al., 2002). At this time, the inlet was strongly
meandering and partially infilled. As a result, water
exchange between the sea and the lagoon was greatly
reduced. In order to protect aquaculture of the region,
the Portuguese Government decided on an artificial
opening of a channel approximately 3.5 km to the west
of the existing inlet.
This study analysed the effects of the inlet migration
and relocation on the spatial distribution of Zostera
noltii meadows. Relations between indices of distur-
bance intensity and Z. noltii total area, patch number,
patch size and patch size variability, were assessed.
2. Methods
2.1. Study area
The Ria Formosa is a multi-inlet, barrier-island
system located in Southern Portugal (Fig. 1). Connection
between the ocean and the back-barrier area is madethrough six tidal inlets (Pilkey et al., 1989). The back-
barrier area consists mainly of salt marsh and small
sandy islands comprising a complicated pattern of tidal
channels and creeks. The seagrass Zostera noltii
dominates the intertidal forming extensive beds in some
areas that are easily recognizable from aerial photo-
graphs taken during low-tide.
The study area was located in the western sector of
Ria Formosa, and includes intertidal zones adjacent to
the main channel encompassing an area of 465 ha
(Fig. 1; boxed area).
2.2. Inlet migration rates
Aerial photography from 1940, 1980, 1989, 1996 and
1998, was acquired from the I.P.C.C. (Portuguese
Institute of Carthography and Cadaster) and the
I.G.E.O. (Portuguese Military Geography Institute)
(Table 1). Contact photographs were scanned at 300
dpi, saved as tiff files, and geo-referenced with the GIS
softwareAutoCAD Map (Autodesk, Inc., 1997). The
Ancão Peninsula, tidal inlet and Zostera noltii patches
were digitized on screen by creating polygons corre-
sponding to each different landscape element (e.g. open
water, seagrass, land) and then organized by layer and
year of reference. Polygons representing Z. noltii patches
were ground-truthed for 1996 and 1998, with accuracy
estimated between 95 and 99%. The minimum mapping
unit was 0.5 m2, except for 1940 and 1898 that was
0.85 m2. Although automated techniques exist (Ken-
drick et al., 2002) it was decided to analyse the
photographs manually because brightness levels varied
significantly within and between photographs. Differ-
ences in the Ancão Inlet position along the period of
study were assessed by overlaying layers and calculating
distances between the inlet positions for the different
years. Polygons representing Z. noltii patches and tidal
delta sand patches from different years were analysedFig. 1. Location of Ria Formosa (Southern Portugal) and the study site on the western sector of the system. The Ancão inlet relocated in 1997, is
shown on its present location. Boxed area indicates approximate position of the area of study.
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(McGarigal et al., 2002). Landscape metrics such as
total landscape area (TA), mean patch size (MPS),
number of patches (NP), mean shape coefficient of
variation (CVZMPSD/MPS), where MPSD is the
mean patch standard deviation and MPS is the mean
patch size, and landscape fractal dimension (D) were
calculated for each year. Fractal dimension (D) was
calculated from the expression, AZKP 2/D, where K is
a constant, A is the area and P the perimeter of each
polygon and 2/D is the slope of the regression of log (P)
and log (A), (Burrough, 1986). A fractal dimension
greater than 1 indicates a departure from a Euclidean
geometry (i.e., an increase in patch shape complexity)
and approaches 2 for shapes with highly convoluted,
plane-filling perimeters.
Three disturbance intensity indices were defined by:
(a) distance to disturbance (DD): the distance from
a point in the center of the study area to the moving
inlet;
(b) size of the tidal delta (DA): total area of sand
patches composing the tidal delta identified in the
aerial photo;
(c) mean patch fractal dimension (MPFD) of the delta:
the fractal dimension of sand patches forming the
tidal delta. The assumption was that a fragmented
tidal delta is created by a high energy system
(Ferreira, personal communication) and therefore,
will contribute to the formation of a patchy Zostera
noltii landscape.
Correlations were used to examine the relationships
between Zostera noltii landscape patterns and the
intensity of disturbance. A logarithmic transformation
was employed to the Z. noltii data to achieve normal
distribution prior to analysis. The data from 1996 were
not used in the analyses of the influence of delta total
area and delta fractal dimension because during this
period the delta had already moved outside the study
area (Table 3).
3. Results
The Ancão Inlet location was approximately in the
same position in 1940 and 1980 (Fig. 2). Between 1980
Table 1









1940 black/white 1/10 000 300 0.85
1980 black/white 1/8000 300 0.50
1989 black/white 1/10 000 300 0.85
1996 black/white 1/8000 300 0.50
1998 colour 1/8000 300 0.50and 1989, the inlet moved eastward with a migration
rate of 119 m yr1, whereas between 1989 and 1996 the
rate increased to 187 m yr1. In 1997 the inlet closed and
was artificially relocated at a position of 700 m west-
ward of the 1940 location.
The spatial distribution of Zostera noltii patches
differed among the years of study (Fig. 3). Between 1940
and 1980 there was a decrease in area covered by
Z. noltii and mean patch size while the number of
patches, mean patch coefficient of variation and fractal
dimension increased (Table 2; Figs. 3 and 4). The next
period of study, from 1980 to 1989, showed a positive
increase in total seagrass area, mean patch size and
mean patch coefficient of variation and a decrease in
number of patches and fractal dimension (Table 2; Figs.
3 and 4). From 1989 to 1996 a great increase in total
seagrass area, number of patches, mean patch size and
mean patch coefficient of variation was observed and
a decrease in landscape fractal dimension (Table 2; Figs.
3 and 4). In 1996, large patches dominated the landscape
with areas with very small patches that might corre-
spond to seagrass recruitment. The tidal delta was far
from the center of the landscape allowing the de-
velopment of a more stable substrate (Fig. 3). In 1998,
after the inlet relocation, the seagrass patches in front of
the relocated inlet disappeared, while some of the bigger
and distant patches remained. The results indicated that
between 1996 and 1998 the total area of seagrass,
number of patches, mean patch size and coefficient of
variation decreased while fractal dimension increased in
direct consequence of the inlet relocation.
The proportional change between total seagrass area
and mean patch size suggests that patch growth is an
important process for increase of total seagrass area
(Fig. 5). Furthermore, between 1980 and 1989 the
increase in mean patch size was much higher than the
seagrass area increase that corroborate patch coalescence
to be an important process occurring during this period.
The distance from the study area to the inlet was
approximately the same between 1940 and in 1980,
increased in 1989 and reached a maximum in 1996. The
size of the delta that influenced the area of study did not
vary much, except in 1996, when it was reduced to 2.7 ha
because itmovedout of the study area. The fragmentation
of the tidal delta was lowest in 1940 and highest in 1980.
There was a positive and significant correlation
between the disturbance distance (DD) and the area
covered by Zostera noltii (Fig. 6a; rZ 0.94; PZ 0.01)
but not with the number of patches (Table 4; rZ 0.86;
PZ 0.06). Delta area (DA) was negatively correlated
with total Z. noltii area (Table 4 and Fig. 6b; rZ0.90;
PZ 0.04) and positively correlated with number of
patches (Table 4 and Fig. 6c; rZ 0.96; PZ 0.04).
Mean patch fractal dimension (MPFD) was negatively
correlated with patch mean area (Table 4; rZ 0.96,
PZ 0.04).
639A.H. Cunha et al. / Estuarine, Coastal and Shelf Science 64 (2005) 636e644Fig. 2. Evolution of Ancão Inlet along the studied years. Inlet previous positions in 1980, 1989 and 1996 are indicated by arrows. Distance between
1980 and 1989 was 1071 m, and between 1989 and 1996 was 1309 m.











Fig. 3. Zostera noltii cover along the years of study (1980e1998). Zostera noltii patches in black are distributed behind the barrier-peninsula. The
tidal inlet sand patches are represented in grey.
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This study documents the long-term changes of
a Zostera noltii landscape induced by a natural cyclic
event in a coastal lagoon and the dramatic effects of an
artificial relocation of an inlet in this ecosystem. Studies
by Patriquin (1975), Orth (1976), Shepherd and
Womersley (1981), Larkum and West (1983) and Giese
(1988) have already documented long-term cyclical
changes related with natural and artificial disturbances,
but the one presented here is the first, to our best
knowledge, to show a direct influence of a drifting inlet.
In 1940 and 1980, the inlet location was approximately
the same. The information available (Vila-Concejo
et al., 2002) indicated that it probably has completed
a migration cycle. The large gap of information during
this period (1940/1980) implies that the dynamics of
Z. noltii meadows during that period is unknown.
One of the most interesting findings is that changes in
Zostera noltii landscape occurred at different rates.
These changes coincided with the differences in Ancão
migration rates described by Vila-Concejo et al. (2002).
During the first period the Ancão Inlet became
dynamically stable and exhibited a slower migration
rate. The Z. noltii area increased little with a decrease in
number of patches, which indicated that growth was
through patch coalescence.
The increase in Zostera noltii area in the second
period of study can be related to the acceleration in the
inlet migration rate, and consequently sediment and
water current stabilization in the area of study.
Sediment stability (Marbà et al., 1994; Marbà and
Duarte, 1995) and changes in current velocities can be
critical to seagrasses (Cavazza et al., 2000; Schanz and
Table 2
Zostera noltii total patch area (TA) in hectares, number of patches
(NP), mean patch size (MPS) (m2) and standard error, mean patch size
coefficient of variation (MPSCV), and fractal dimension (D)
Year TA NP MPS MPSCV D
1940 7.1 132 537.8G 154 3.29 1.51
1980 6.0 607 99.4G 13 3.31 1.58
1989 7.9 446 178.3G 56 6.62 1.48
1996 50.1 1135 441.3G 117 8.94 1.45
1998 20.7 539 383.7G 80 4.82 1.56
Table 3
Results of disturbance indices: distance from the area of study to the
tidal delta DD (m), total delta area DA (ha) and mean patch fractal
dimension (MPFD) of the tidal delta
Year DD DA MPFD
1940 225 30.0 1.37
1980 253 38.0 1.50
1989 930 37.6 1.43
1996 2135 2.7 1.38
1998 915 38.4 1.38Asmus, 2003). The remarkable patch growth exhibited
by Z. noltii, can also be related to the self-accelerating
processes described in Vidondo et al. (1997) for another
seagrass. The acceleration of patch growth during patch
expansion is due to a ‘‘mutually sheltering structure’’ as
they grow (Fonseca et al., 1983) and depends on
branching rates and branching angles, important
determinants for patch growth which are imprinted
within the basic architecture of the seagrass (Marbà and
Duarte, 2003). The decline in perimeter to area ratio as
the patches grow may increase the flux of resources
along the rhizomes from shoots in the inner part of the
patches to the rapidly growing rhizomes (Vidondo et al.,
1997). During this period, Z. noltii landscape showed
a decrease in fractal dimension supporting the phenom-
ena described above. Moreover, it was characterized not
only by a remarkable growth in landscape area and
mean patch size but also by an increase in number of
patches and mean patch coefficient of variation, which is
an indication of the existence of many small patches
probably due to recolonization.
The disturbance created by the migration of the inlet
had an important influence on the area covered by
1940-1980 1980-1989 1989-1996 1996-1998



















































Fig. 4. Gain and loss Zostera noltii cover area (a) and Zostera noltii
number of patches (b).
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a good indicator for the size of the seagrass area. The
size of the tidal delta negatively influenced the Z. noltii
area while the contrary was observed for the number
of Z. noltii patches. The delta mean patch fractal
dimension influenced the Z. noltii patch mean area,
which was an indication that smaller patches are
induced by a fragmented delta. These results corrobo-
rate our initial assumption that a fragmented delta
reflects a situation of high level of energy and sediment
dynamics and do not allow for the growth of big
patches. These results are supported by the findings of
Harlin and Thorne-Miller (1982) that showed sediment
movements in a flood tidal delta to control dynamics of
Zostera marina populations.
The inlet relocation completed in 1997, induced
dramatic changes in the seagrass landscape. These
changes were caused either by the direct effect of
dredging or/and deposition of sand over the Zostera
noltii meadows. The impact of dredging and filling on
the seagrass communities, often as a result of coastal
development and the maintenance of shipping channels
were already described in Short and Wyllie-Echeverria
(1996). The new sedimentation and water current
patterns originated by the opening of the inlet also
contributed to the new Z. noltii spatial distribution. The
decrease in Z. noltii landscape cover (total loss of
39.4 ha) was associated with an increase in patch
fragmentation, which might have major implications
for fauna dependent on seagrass habitats (Connolly,
1994; Irlandi, 1997; Hovel and Lipcius, 2001; Pittman
et al., 2004).
In this case study, the relocation of the inlet was done
artificially, but in some areas of Ria Formosa the inlet
relocation happens naturally in winter, after storms. The
same effects on the seagrass meadows are probably
observed when the inlet relocation happens naturally,
although some differences should be expected. When the
inlet is relocated artificially, the sand is removed and



















Fig. 5. Proportional change of total area and mean patch size of
Zostera noltii.deposited on the beaches to reduce the effects of erosion,
and so, the amount of sand deposited over the Zostera
noltii meadows is presumably less. The trade-off is an
increase in the strength of water currents that can cause
the uprooting of the seagrasses (Fonseca et al., 2000).
Because natural inlet relocation happens usually during
winter storms, when the heat stress is lower, plants
might be able to recuperate faster during the following
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Fig. 6. Relationship between distance to inlet and seagrass cover (a),
and between total delta area and delta patch numbers (b and c).
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relocations should be done in winter, allowing for
a faster recovery of the seagrass meadows.
The relocation of the inlet sets the starting of a new
cycle of inlet migration and Zostera noltii recoloniza-
tion. Based on this study, it should be expected that
during the next 10 years, the Z. noltii area should
increase at a small rate with a decrease in patch number
and mean patch size. If the inlet migration cycle follows
the same pattern as before, it can also be anticipated
that a period of exponential growth in area, number of
patches and mean patch size will follow.
This study provided a good example of changes in
a seagrass bed triggered by a natural disturbance and
shows that studying seagrasses at a landscape level may
provide clues to explain existing patterns and processes
(Robbins and Bell, 1994). It supports findings by
Fonseca et al. (2000) that influence of chronic and
extreme disturbance events on seagrass landscapes must
be integrated when evaluating anthropogenic impacts. It
emphasizes the importance of the landscape approach
and the historical perspective when studying seagrass
changes and the importance of taking into consideration
long-term changes in seagrass landscapes to avoid
confusion between man-induced effects with natural
cyclic events.
Acknowledgements
This project was funded by the ICN e Institute for
Nature Conservation, Natural Park of Ria Formosa,
Portugal and the EC project # EVK3-CT-2000-00044.
Alexandra H. Cunha is funded by a post-doctoral
fellowship from FCT e Ministry of Science and
Technology, Portugal. This paper was greatly improved
by the critical and insightful reviews of BD Robbins and
one anonymous reviewer.
Table 4
The results of correlation between total Zostera noltii area, number of
Zostera noltii patches, mean patch size and disturbance intensity
DD DA MPFD
Total area
r 0.94* 0.90* 0.59
P 0.01 0.04 0.41
Number of patches
r 0.86 0.96* 0.57
P 0.06 0.04 0.41
Patch mean size
r 0.03 0.76 0.96*
P 0.60 0.24 0.04
DD: distance to disturbance; DA: delta area; MPFD: delta mean patch
fractal dimension; r: Pearson coefficient of correlation. An asterisk
indicates statistically significant correlations (PZ 0.05).References
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